Objectives To describe the frequency of postnatal discussions about withdrawal or withholding of life-sustaining therapy (WWLST), ensuing WWLST, and outcomes of infants surviving such discussions. We hypothesized that such survivors have poor outcomes.
Conclusions Wide center variations in WWLST discussions occur, especially at ≤24 weeks GA. Outcomes of infants surviving after WWLST discussions are poor. (J Pediatr 2017; 190:118-23) .
Trial registration ClinicalTrials.gov: NCT00063063.
A significant percentage of deaths in neonatal intensive care units (NICUs) occur after life-sustaining treatment is withheld or withdrawn. [1] [2] [3] [4] Physicians and families often discuss withdrawal or withholding of lifesustaining therapy (WWLST) when facing a high likelihood of death, an unacceptable level of suffering, or a poor long-term prognosis. The Eunice Kennedy Shriver National Institute of Child Health and Human Development Neonatal Research Network (NRN), a consortium of academic centers across the US, maintains a data registry for premature infants born at 22-28 weeks of gestation and/or with extremely low birth weight (401-1000 g). Previous NRN publications have noted significant, unexplained variation in mortality rates for
BPD
Bronchopulmonary dysplasia GA Gestational age ND Neurodevelopmental impairment NEC Necrotizing enterocolitis NRN Neonatal Research Network SGA Small for GA WWLST Withdrawal or withholding of life-sustaining therapy extremely premature infants across centers, with in-hospital mortality rates of 5%-59% for gestational ages (GAs) of 22-26 weeks. 5, 6 A recent report noted that center rates of initiation of intensive care varies significantly at the limits of viability. 6 It is unknown whether center differences in WWLST practices contribute to center variation in mortality.
A recent prospective Canadian study concluded that neonatologists mainly offer WWLST for the purpose of avoiding pain and suffering when death is imminent or to avoid survival with a poor quality of life. 7 A multicenter study in the United Kingdom evaluated short-term outcomes of treatment limitation discussions for neonates and found that a significant portion of families chose to continue full intensive care after such discussions. 4 How often neonatologists and parents in the US initiate WWLST discussions, what patient characteristics prompt such discussions, and how these discussions result in redirection of care, is unknown. When families wish to pursue aggressive treatment despite receiving counseling about WWLST, the number and outcomes of survivors are unknown. The purpose of this study was to examine the frequency and center variation of documented discussions on WWLST and to determine how often discussions were followed by WWLST. An additional aim was to describe characteristics of infants undergoing discussions and WWLST and the outcomes up to 18-26 months of infants who survive following such a discussion. We hypothesized that survivors after WWLST discussions have high rates of morbidity, late mortality, and neurodevelopmental impairment.
Methods
The study was a retrospective review of registry data that were prospectively collected from medical records from the NICHD NRN (n = 18 centers) (ClinicalTrials.gov: NCT00063063). Institutional Review Boards at all centers approved data collection by trained research personnel during the patients' birth hospitalization. The NRN uses a predefined protocol that systematically collects in-hospital data on infants born at 22-28 weeks of gestation or with extremely low birth weight (401-1000 g) and follow-up data on all infants born before 26 weeks of gestation and admitted to a participating NRN neonatal intensive care unit (NICU). This study included all in-born infants who survived beyond 12 hours of life to focus the analysis on infants for whom intensive care had been initiated. GA was determined by the best obstetric estimate, where available, otherwise by neonatal examination. Maternal and infant demographics, pregnancy and delivery information, and morbidity and mortality data were collected from birth until death, hospital discharge, or transfer to a non-NRN hospital.
Palliative care decision-making data were assessed using the following questions from the database: At any time after birth was there documentation of discussion with parents to limit, withdraw, or not escalate care? Was an order written to limit treatment at any time? Were the following treatments withdrawn at any time with the intent to limit care: intubation/ ventilation, nutrition/hydration, or medication? These questions were assessed at 36 weeks postmenstrual age, death, discharge, or transfer. The data collected regarding WWLST discussions do not specify the content of the discussion, the specific reasons the discussion was initiated, at which point during the hospitalization the discussion occurred, or the number of discussions that occurred.
Severe brain injury was defined as intraparenchymal hemorrhage, intracranial hemorrhage with persistent ventricular enlargement, or cystic periventricular leukomalacia on cranial ultrasound in the first 28 days. Retinopathy of prematurity refers to any severity of retinopathy of prematurity. Necrotizing enterocolitis (NEC) was defined as stage II or III, based on the modified Bell staging criteria. 8 Infants were classified with malformations or syndromes if they were diagnosed with any major malformations, chromosomal abnormalities, or other syndromes with multiorgan involvement at any point during the hospitalization.
Moderate to severe neurodevelopmental impairment (NDI) was defined as neurologic impairment -moderate to severe cerebral palsy; developmental delay -cognitive or motor score <70 on the Bayley Scales of Infant Development-III; visual impairment -limited with correction or blindness in 1 or both eyes; or hearing impairment -permanent hearing loss that does not permit child to understand verbal directions and communicate. NDI was present when 1 or more of the components of the composite outcome were known to be present, or absent if no component was present. 
Statistical Analyses
Maternal and infant demographics, infant morbidities and mortality from birth to discharge, death, or transfer to a non-NRN hospital were linked to documented discussions and WWLST. Rates of discussion about WWLST were compared with rates of actual WWLST, by center, and GA. Multiple logistic regression analysis was used to examine the relationship between factors associated with the discussion and those associated with subsequent WWLST after a discussion. Logistic regression models were created for predictor variables associated with discussion when applicable early in the hospital course (<28 days) including center, sex, race, maternal age, maternal education, GA, birth weight small for GA (SGA), 10 congenital syndromes or malformations, delivery room epinephrine, surgery, proven NEC, early onset sepsis, severe brain injury, and pulmonary hemorrhage. The multiple logistic regression model of ensuing postdiscussion WWLST adjusted for the same factors, but also included diagnoses with potential late impact: steroids for bronchopulmonary dysplasia (BPD), late onset sepsis, proportion of days hospitalized on highfrequency or conventional ventilation, and the maximum fraction of inspired oxygen (FiO2) requirement. Birth weight was not included in the adjusted models due to its correlation with other covariates, such as GA and SGA. All data was available for modeling except for 7 of 3434 infants who were, thus, excluded from the model of a discussion of WWLST and 1 of 529 infants who were excluded from the model of WWLST after discussion.
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Follow-up data of the survivors group were analyzed using unadjusted tests for rates of medical morbidities and neurodevelopmental outcomes. Because of the relatively small number of infants who survived to the follow-up assessment, descriptive data are presented and adjusted modeling was not performed. Unadjusted P values have been provided for reference. Data analysis was performed at the NRN Data Coordinating Center (RTI International) using SAS v 9.3 (SAS Institute, Inc, Cary, North Carolina).
Results
Over the study period, between April 2011 and December 2013, 3434 infants from 18 centers met the study eligibility criteria. Discussions regarding WWLST were documented for 529 (15.4%) (Figure 1 ). The majority (406 of 529 or 76.7%) of infants who had a documented discussion subsequently had WWLST. Of these, only 5 (1.2%) survived to discharge ( Table I ; available at www.jpeds.com). Of the 123 infants (23.3%) in whom discussion was not followed by WWLST, 58 (47.2%) survived to discharge ("Survivors With Discussion"). Of the 2905 (84.6%) infants without a documented discussion, 2758 of 2905 (94.9%) survived to discharge, and these infants served as the comparison group for the "Survivors With Discussion." In addition, there were 14 infants who had WWLST without a documented discussion, one of whom survived to discharge ( Figure 1 ; Table I) .
Among all infants included in this report, in-hospital mortality was 17.8%. Mortality ranged from 6.4% to 27.1% across the 18 centers. Rates varied by GA: 8.5%-61.1% at 22-24 weeks GA, 5.6%-25.0% at 25-26 weeks GA, and 0%-17.6% at 27-28 weeks GA (Figure 2 ; available at www.jpeds.com). WWLST discussions were more frequent at earlier GAs, with the following distribution: 27.0% at 22-24 weeks GA, 11.3% at 25-26 weeks GA, and 5.6% at 27-28 weeks GA. When examined by center, the rates of discussion varied (range 6.4%-29.9%), as did rates of WWLST (range 5.2% -20.7%) (Figure 3 ; available at www.jpeds.com).
Center differences were most notable for the most immature infants. Among infants 22-24 weeks of GA, rates of discussion ranged between 12.8% and 66.7%; this declined to rates of 0%-15.4% for 27-28 weeks of GA. Correspondingly, rates of WWLST ranged from 6.4% to 55.6% for 22-24 weeks of GA, diminishing to 0%-15.4% for 27-28 weeks of GA. The majority of infants who died during their hospitalization had a discussion regarding WWLST, regardless of center (center range 56.1%-100%). Most inpatient deaths occurred following WWLST (overall 67.6%, center range 44.9%-100%). One center reported that 100% of mortalities occurred after WWLST and that all of these patients had a documented discussion prior to WWLST. Among infants 22-24 weeks of GA, 79.5% (center range 60%-100%) of mortalities occurred after a WWLST discussion.
The characteristics of infants with a documented discussion about WWLST compared with infants without discussion are summarized in Table II . The characteristics associated with discussion about WWLST in the multivariable regression model are depicted in Figure 4 . Factors significantly associated with a discussion were male sex, white race, GA ≤24 weeks, SGA, congenital syndromes or malformations, earlyonset sepsis, proven NEC, brain injury, and pulmonary hemorrhage. Any surgery was inversely associated with a discussion about WWLST. Center was highly significant in this model (P < .0001).
The characteristics significantly associated with actual WWLST after the discussion are depicted in Figure 5 (available at www.jpeds.com). Characteristics inversely associated with WWLST following discussion were delivery room epinephrine, steroids for BPD, and surgery while those associated were maternal age >25 years, proven NEC, and proportion of days on a ventilator. (Figure 5) . Center was not statistically significant in this model (P < .095).
Of the 123 infants (3.6% of the total cohort) who prompted a discussion of WWLST but did not undergo WWLST, 58 (47%) survived and are designated as "Survivors With Discussion" (Figure 1 ). Hospital discharge outcomes in "Survivors With Discussion," compared with outcomes of infants who did not prompt a WWLST discussion, are shown in Table III . Infants who did not have WWLST after a discussion had significantly higher rates of mortality and morbidities at the time of discharge. Five infants with a discussion and ensuing WWLST survived. Of these, 3 had medication only withdrawn and 2 had intubation/ventilation withdrawn. Three of these 5 were discharged home by 120 days and 2 were discharged after 120 days ( Table I) .
Of the 58 infants with a WWLST discussion who survived to discharge, 46 were eligible for standard NRN follow-up (<26 weeks GA). Four (9%) of the 46 infants died after discharge, and 18-to 26-month outcome data are available for 39 of the 42 survivors (93%). Infants termed "Survivors With Discussion" had significantly higher rates of NDI than infants who never had a discussion (Table III) . Four infants were categorized as unimpaired ( Table III) . Rates of rehospitalization and medical technology dependence were also higher in the "Survivors With Discussion" group than in survivors without discussion. Postdischarge mortality rates were significantly higher in the "Survivors With Discussion" group (6.9%) than infants without a discussion (1.1%). In regards to early childhood Figure 4 . The y-axis displays aORs of factors assessed by logistic regression, for discussion about WWLST. The OR is represented by the mean and the 95% CI. Factors with statistically significantly increased OR are above the line and exclude 1 (dotted line). These include male sex (95% CI 1.11-1.68), white race (95% CI 1.16-2.47), GA ≤ 24 weeks (95% CI 3.14-4.86), SGA (95% CI 1.97-3.33), congenital syndromes or malformations (95% CI 1.73-4.17), early-onset sepsis (95% CI 1.57-4.78), proven NEC (95% CI 2.12-3.90), brain injury (95% CI 2.14-3.37), and pulmonary hemorrhage (95% CI 1.55-2.99). In contrast, values below the line and excluding 1 are factors with a significantly lower OR. Only 1 factor analyzed is in this range, and this is any surgery (95% CI 0.51-0.83). Additional factors included in the logistic regression model that were not significant and are not shown are maternal age >25 years (OR 0.98, 95% CI 0.78-1.22); maternal education ≥college (OR 0.95, 95% CI 0.71-1.26); and delivery room epinephrine (OR 1.52, 95% CI 0.97-2.40). outcomes of the 6 infants who had WWLST and survived to discharge, 3 were profoundly impaired, 1 was mildly impaired, 1 was unimpaired, and the last was discharged home with palliative care and is presumed to be deceased ( Table I) .
Discussion
This study describes recent WWLST discussion practices for extremely preterm infants (22 to <29 weeks) who survived beyond 12 hours of age in 18 large academic centers in the US. Although most deaths among the eligible cohort were preceded by discussions about WWLST, the occurrence of documented discussions about WWLST varied greatly across these centers.
Variation was most pronounced at the lowest GAs. A recent large, multicenter retrospective analysis of treatment and outcomes for extremely preterm infants conducted in the NRN showed significant center variation in the initiation of treatment for extremely preterm infants (22-24 weeks) in the delivery room. 6 Because only infants who survived beyond 12 hours of life were included in our report, the variation described in this study is not directly explained by selection of infants for delivery room intervention. However, variation in WWLST after 12 hours of life is likely to be partly related to whether the smallest, sickest, and most immature infants are resuscitated in the delivery room. Our data are consistent with observations from European and Canadian descriptions of site variation in WWLST practices. 7, 11 Reasons for the marked intercenter variability in rates of WWLST discussion are not clear. Physicians at different centers may have varying levels of comfort with end-of-life decisions, personal beliefs, palliative care training, institutional support, and availability of a pediatric palliative care team. There might also be center differences in aggressiveness of obstetric care, center-specific outcomes with neonatal intensive care, and parental or physician views about outcomes that may be considered worse than death that factor into whether a WWLST discussion takes place. It is also possible that the operating definition of a WWLST and documentation practices may differ by institution. One center had documented discussions preceding every death. It is possible that in this center, discussions take place toward the end of life, when a critically ill infant is dying despite all aggressive interventions and is extubated for comfort. Conversely, at institutions where more discussions take place relative to the number of deaths, care-teams may work with parents and palliative care teams to consider WWLST much sooner, considering quality of life issues and a high risk of poor outcome. Further studies are needed to better understand the reasons care teams do and do not approach families for discussion of potential WWLST.
Our data confirm that physicians and/or parents initiated discussions about WWLST when infants had factors known to be associated with severe disability or death. Sociodemographic factors such as maternal age and maternal education were not significantly different between infants who had a discussion and those who did not; however, white families were more likely than black or Hispanic families to be approached for a discussion. The reason for this difference is unclear but may represent center differences in patient demographics or differences in provider communication at the end of life. There is evidence that physicians perceive differences in ethnicity as a barrier to conducting effective end-of-life conversation with patients and their families. 12 When examining raw data, ensuing WWLST after a discussion varied by center but it was not significant in the adjusted model. In contrast, center was significantly associated with a discussion of WWLST in the adjusted model of this outcome. This suggests that the significant factors in the model of WWLST impacted a postdiscussion decision on WWLST more strongly than center. By regression analysis, ensuing WWLST was associated with several factors, but notably these factors were different than those associated with having a discussion. Proportion of days spent on a ventilator is likely a surrogate for severity of lung disease, and both lung disease and NEC are diseases that portend high mortality or long-term morbidities. [13] [14] [15] In contrast, other factors were associated with a significantly lower likelihood of withdrawal: delivery room epinephrine, steroids for chronic lung disease, and any surgery. We speculate that parents in these situations favored intervention and were unlikely to support limiting or withdrawing treatment. In our cohort of patients with a discussion, younger GA or severe brain injury was not associated with higher likelihood of WWLST. This is in contrast to Brecht et al, 16 who found that 41 of 70 (59%) premature infants with severe intraventricular hemorrhage or periventricular leukomalacia had a treatment limitation discussion, followed by death in all but 2 infants.
Some studies note that neonatologists and neonatal nurses have only modest success in predicting which infants undergoing mechanical ventilation are unlikely to survive to discharge but suggest that clinician's intuitions of death combined with other objective clinical data are fairly predictive of poor neurodevelopmental outcome. 17, 18 Our study confirms these findings. If we think of a documented discussion in our study as a marker for a physician's intuition or prediction of death or significant morbidity, then physicians are only right about survival to discharge a little over one-half the time. However, they do seem to accurately identify infants at risk for significant morbidity and poor neurodevelopmental outcome. "Survivors With Discussion" had a high late in-hospital mortality rate (44 of 103 or 43%) or were still hospitalized at 120 days of life (86 of 103 or 83%). They also had significantly higher rates of several serious neonatal morbidities and a higher postdischarge mortality rate when compared with infants without a discussion.
Very little information is available on infants who survive despite discussions on WWLST. Aladangady et al 4 reported that 44% of babies who had a discussion about WWLST survived following a decision to continue life-sustaining treatment. However, postdischarge follow-up information is not available for these infants. In a prior abstract, survivors had a substantially better outcome than predicted: of 13 infants who had a discussion about WWLST and opted to continue intensive care treatment, 3 had normal development at 18-24 months, THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 190 4 had mild disability, and 6 had severe disability. 19 On the other hand, other studies have found that infants with multiple morbidities have a poor neurodevelopmental prognosis and high rates of medical morbidities at 18-to 22-month follow-up. 13, 14 Similarly, outcomes of our "Survivors With Discussion" group suggest a significant association with neurodevelopmental impairment. The higher re-hospitalization rate and dependence on medical technology likely reflect the greater burden of medical morbidity among these children. This is the largest study to date that examines the common clinical issue of end of life practices in a large group of extremely premature infants and examined early childhood outcomes of survivors after WWLST discussions. Other strengths of this study are the prospectively collected data and the multicenter perspective. We acknowledge the limitations of the study, including uncertainty about what proportion of all WWLST discussions were documented and the full context and content of the discussions. The database does not specify the timing of discussion, who initiated it, the patient's clinical circumstances at the time of discussion, which morbidities were diagnosed in relation to timing of discussion and WWLST, the content of the discussions, or how many discussions were held for each patient. The scope of these discussions ranges broadly, and several potential topics might be discussed with families, such as concern about the patient's imminent death, decisions not to escalate treatment, discontinuing a treatment the patient is already receiving, or the decision to perform a compassionate extubation. It is possible that the infants for whom discussion was followed by WWLST may have had a different type of discussion than the infants where discussion was not followed by WWLST. Finally, the database is limited by the documentation in the patient's chart, and it is not known how well physicians document such discussions. A prospective study including more detailed questions about the timing and content of WWLST discussions would be able to overcome some of the limitations of the current study.
The results of our study showed wide center variation across the NRN in rates of discussions about WWLST among very low GA infants who survived beyond 12 hours of age. This variation was most prominent at lowest GAs. The group of infants who survived despite WWLST discussions had significantly higher morbidities than peers without a discussion, both in-hospital and at the time of follow-up. Thus, clinicians appear to accurately target infants at high risk for adverse outcomes for discussions about WWLST. ■ Figure 2 . Variation in mortality by GA at each center. The x-axis shows 18 centers labeled A-R. The y-axis shows mortality rate as a percentage. Centers ranged from 9% to 60% mortality at 22-24 weeks, from 3% to 21% mortality at 25-26 weeks, and from 0%-14% mortality at 27-28 weeks gestation. These include maternal age >25 years (range 95% CI 1.02-2.75), proven NEC (95% CI 2.11-9.80), and proportional of days on a ventilator (95% CI 1.10-1.52). In contrast, values below the line and excluding 1 are factors with a significantly lower OR. These include delivery room epinephrine (95% CI 0.14-0.90), steroids for BPD (95% CI 0.26-0.84), and surgery (95% CI 0.19-0.62). Additional factors included in the logistic regression model that were not significant and are not shown are maternal education ≥college (OR 1.52 95% CI 0.75-3.07); GA ≤24 weeks (OR 1.04, 95% CI 0.63-1. 
